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Seventy-six cases of colon or anorectal cancer after pelvic irradiation for
other malignant or benign lesions were reviewed. The patients were 13
men and 63 women with a mean age of 65 years; 67 percent had received
irradiation for gynecologic malignancy. The cancer developed at a
mean of 15.2 years after irradiation (peak frequency between five and
ten years); 85 percent of the patients had a mild to prominent radiation
reaction around the cancer. Of the 72 adenocarcinomas, 26 percent
were mucinous. Only 17 percent of patients presented with symptoms
of radiation proctitis, and the mean radiation dosages were not high.
High radiation dosage and severe radiation damage may not be essen-
tial for radiation-associated colorectal cancer. The overall five-year
survival rate was 48 percent. Close surveillance of the colon and anorec-
tal regions of these high-risk patients at five years after irradiation is
indicated. [Key words: Low-dose pelvic irradiation; Radiation procti-
tis; Postirradiation carcinoma; Colon carcinoma)

RADIATION HAS BEEN identified as a possible carcino-
gen in skin, thyroid, bone marrow, breast, lung, salivary
gland, and bladder. The occurrence of colon or anorectal
cancer after pelvic irradiation also has been reported, but
the series have been small. Most cases reported were in
women who had had previous irradiation for gynecologic
cancer.

The authors have reviewed their experience with
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cancer superimposed upon an irradiated colon and ano-
rectum in an effort to identify the characteristics and
natural history of this lesion.

Materials and Methods

The authors reviewed the records of patients with colon
or anorectal cancer who had surgical treatment at the
Mayo Clinic and a history of prior pelvic or abdominal
irradiation for other malignant or benign lesions. Patients
whose colon or anorectal cancer developed within two
years after irradiation were excluded from this series. The
radiation method, dosage, and interval between irradia-
tion and subsequent appearance of the cancer develop-
ment were recorded. The tissue slides were reviewed; the
tumor site, cell type, staging, and radiation effects on
normal tissue were recorded. Radiation effects in the
bowel wall included submucosal fibrosis, telangiectasia,
endothelial proliferation, and hyalinization of blood ves-
sels and were quantitated as none, mild, or prominent.
Follow-up information was obtained from each patient
by personal interview or letter. Patient survival was esti-
mated using the nonparametric method of Kaplan and
Meier.!

953



Dis. Col. & Rect.
054 JAO, ET AL. December 1987
TABLE 1. Location of Colon or Anorectal Cancer, by Reason for Previous Irradiation
Location of Subsequent Cancer
Reason for Total
Irradiation Cecum Ascending Transverse Descending Sigmoid Rectum Anus Patients
Carcinoma of
Cervix 3 2 1 11 9 4 30
Uterus 6 2 2 2 4 16
Ovary 3 2 5
Bladder 2 2 4
Prostate 1 2 1 4
Lymphoma 2 1 1 1 2 7
Menorrhagia 2 2 4
Endometriosis 2 2
Low back pain 1 1
Skin itching 1 1
Sarcoma 1 1
ToTAaL 15 5 4 - 27 20 4 75
radiation exposure more than ten years before the cancer
Results

Seventy-six cases were identified. The patients were 13
men and 63 women, with a mean age of 65 years (range, 39
to 88 years). The chief reasons for previous pelvic irradia-
tion (Table 1) were cervical (39 percent) and uterine (21
percent) carcinoma. Eight patients had received radio-
therapy for benign lesions. The cancer developed at a
mean of 15.2 years (range, two to 41 years) after irradiation
(Fig. 1). Forty-six patients (61 percent) had had their
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FiG. 1. Interval between irradiation and development of colon or
anorectal cancer. No data available for one patient.

was detected. Fifty-three patients (70 percent) had had
radiotherapy at the authors’ clinic; radiation information
was avatlable for 67 patients (88 percent) (Table 2).

Only 13 patients (17 percent) had clinical manifesta-
tions of radiation proctitis. There were 72 adenocarcino-
mas (26 percent mucinous), two basaloid carcinomas, and
two squamous cell carcinomas of the anus. Sixty-eight
(89 percent) patients underwent a major operation for
resection of tumor. Three patients underwent colostomy
only because their disease was advanced. Three patients
had local resection for a small anorectal cancer. Two
patients had polypectomy for focal cancer. Seventeen
patients (22 percent) had postoperative complications,
including operative death in four (5 percent).

Upon reviewing the tissue slides, 52 cases (68 percent)
with a prominent radiation reaction around the cancers
were found (Figs. 2-5); 13 cases (17 percent) had only mild
radiation reaction, six cases (8 percent) had no significant
radiation reaction, and in five cases (7 percent) not
enough tissue was available for diagnosis of the radiation
effects. The primary tumor sites in the 11 cases with no
significant reaction or lack of tissue were the rectum in
nine, the sigmoid in one, and the cecum in one.

All patients were followed postoperatively for four

TABLE 2. Methods and Dosages of Radiotﬁempy in 67 Patients
With Available Data

Number
Method of Patients Dose (Range)
External x-ray 29 120-6,000 rad
Radium 11 900-9,125 mg hr
Cesium 4 1,056-2,127 mg hr
Radium and 834-8,700 mg hr
external x-ray 23 555-4,500 rad
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Fic. 2. Hyalinized vessel with marked
endothelial proliferation surrounded by
dense fibrosis and mucinous adenocarci-
noma (hematoxylin and eosin; X 120).
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months to 29 years (mean, 6.3 years; median 3.1, years).
The five-year survival rates are shown in Table 3. The
overall five-year survival rate was 48 percent (Fig. 6).
Nineteen tumors (26 percent) of the 72 adenocarcinomas
were the mucinous type. There was no evidence of
increased radiation doses or proctitis in this group. Sixty-
nine percent of the tumors were favorably staged (Astler-
Coller A, Bi, or B2). The 30-day operative mortality was 6
percent and the morbidity 24 percent.

Discussion

Slaughter and Southwick? first reported two colon
cancers and one anal cancer that developed in the pres-

F1G.3. Prominent medial elastosis with
endothelial proliferation and narrowing
of the lumen (same vessel as in Fig. 2)
(elastic-van Gieson stain; X 300).
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ence of radiation injury. Smith? reported three additional
cases in 1962. Since that time, there have been reports of
similar findings,* 9 but most of them were case reports.
Until now, only 52 cases have been reported in the Eng-
lish literature (Table 4). The largest series was reported by
Castro et al.!! in 1973, with a total of 26 patients. They
found that 58 percent of the patients had symptomatic,
histologic, and clinically documented chronic radiation
proctocolitis at the site of subsequent tumor; 69 percent of
the patients had a postirradiation interval of more than
ten years; a high percentage (58 percent) of mucinous
adenocarcinoma was found; overall and determinate five-
year survivals were poor, 20 percent and 22 percent,
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FiG. 4. Hyalinized vessel in previous
radiation field surrounded by adenocarci-
noma (hematoxylin and eosin; X 300).

respectively. Most reports demonstrated a close relation-
ship between radiation effects and colorectal cancer but
lacked strong evidence that the cancer was induced by the
irradiation.

Other series with a long-term follow-up demonstrated
an increased incidence of colon or rectal cancer after
pelvic irradiation.20-26 Although a patient who has had
one malignancy may be at increased risk to develop a
second malignancy, a controlled study by Reimer et al.22
found that ovarian cancer patients who had radiotherapy
had an increased risk of colon cancer compared to those
ovarian cancer patients who did not have radiotherapy,
and the risk became more evident in patients followed for

FIG. 5. Anal basaloid carcinoma adja-
cent to telangiectatic vessel within dense
fibrosis (hematoxylin and eosin; X 750).
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more than five years. In addition, patients who had had
radiotherapy for benign conditions still had a signifi-
cantly increased risk of colorectal cancer when compared
with the normal population.2-2-2 The early mortality
studies of atomic bomb survivors in Japan showed little
to suggest a relationship between irradiation and colon
cancer,?” but long-term follow-up has demonstrated sig-
nificantly increased mortality from colon cancer.?® Radia-
tion also has been shown to induce colon cancer in
animal studies.2930

Black and Ackerman* concluded that radiation-induced
carcinomas of rectosigmoid show: 1) an interval of more
than ten years between radiotherapy and the diagnosis of
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TABLE 3. Five-Year Survival Rates, by Stage (Astler-Coller) TABLE 4. The 52 Cases Reported by 18 Authors

Patients Author Year Cases Reference
Overall 5-year

Stage No. Percent  Survival Rate, Percent Slaughter and Southwick 1957 3 2
Smith 1962 3 3
A 10 13 90 Black and Ackerman 1965 1 4

B, 11 15 91
B 39 49 45 Quan 1968 2 5
Cz 1 1 Pemberton and Lendrum 1968 1 6
cl 9 12 1 Localio et al. 1969 1 7
D 13 17 8 DeCosse et al. 1969 1 8
ToTAL 7% 100 48 MacMahon and Rowe 1971 6 9
Bhagabati and Zaman 1973 1 10
. . .. Castro et al.* 1973 26 11
carcinoma; 2) relatlveIY.lange radiation exposure to large  cynningham and Wilhoite 1973 1 12
bowel; and 3) severe radiation damage around the cancer. Qizilbash 1974 1 13
MacMahon and Rowe? also listed three high-risk factors ~ Greenwald et al. 1978 1 14
for irradiation-associated colon cancer: 1) proctitis early O‘l():_o’mor etal. igzg f 12
after irradiation; 2) subsequent secondary proctitis; and 3) i;‘a:s:: :zla ; 1980 | v
stenosis or induration of the rectovaginal septum. These Shamsuddin‘and Flias 1981 i 18
three factors all relate to high-dose irradiation. Echave et al. 1982 1 19

In the present series, the mean interval from radiation
to diagnosis of carcinoma was 15.2 years, and 61 percent
of the patients had an interval of more than ten years. The
peak frequency was between five and ten years. Previous
reports22® also show a higher proportion of patients
developing cancer between five and ten years after irradia-
tion. Most of the present patients had radiation reactions
around the cancer. These reactions may be present for a
long period. Three patients had their irradiation 41 years
before diagnosis of the new malignancy: two still had
prominent radiation reaction and one had a mild radia-
tion reaction. Apparently, the increased risk of develop-
ment of colon or anorectal cancer may start at five years
and persist to more than 40 years after irradiation.

Although Black and Ackerman? and MacMahon and
Rowe? suggested that high-dose radiation or severe radia-
tion damage is essential for the induction of colorectal
cancer, Palmer and Spratt? found that patients who had
received low irradiation dosage for benign gynecologic
conditions had a greater chance (3.32 percent) of develop-
ing rectal cancer than those who had received high-dose
trradiation (1.4 percent) to treat cancer of the cervix. They
concluded that the relauvely low irradiation dosage
caused some growth-stimulating influence that the high
dosage did not cause. Rubin et al.2¢ also mentioned:

The finding that the development of cancer was greater in the
low dose irradiation group has suggested...that reaction to radia-
tion injury leads to hyperplasia and then to neoplasia which may
not occur after high doses; i.e., a large dose of radiation may
eliminate the regenerative capacity of tissues completely.

Denman et al.? found that doses of 4500 rad caused the
highest incidence of colon cancer in rats, compared with
doses of 2500, 3500, 5500, and 6500 rad. In the present
series, only 17 percent of patients had clinical symptoms
of radiation proctitis. This observation suggests that the
large bowel was exposed to relatively low doses of irradia-
tion.

*Includes two cases reported by Quan (1968).5

Castro et al.! reported an incidence of mucinous ade-
nocarcinoma of 58 percent in their series, which is higher
than the usual distribution (10 percent); 92 percent of
these patients had clinical or histologic evidence of radia-
tion proctitis. In the authors’ series, 19 (26 percent) muct-
nous adenocarcinomas were found in 72 patients with
adenocarcinoma. There was no evidence of an increased
incidence of radiation proctitis in this group. This per-
centage is lower than that in Castro’s report but is still
much higher than the normal distribution. Denman et
al.? found that all the colon cancers induced by radiation
in rats were mucinous adenocarcinoma. These findings
suggest that the abnormally high proportion of muci-
nous adenocarcinoma found in the authors’ and Castro’s
patients may relate to a radiation-induced origin.

In the previous reports, most of the cases were limited
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FiG. 6. Postoperative survival for colon or anorectal cancer after
pelvic irradiation.
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to women with a history of gynecologic cancer, and most
of the large bowel cancers were located in the sigmoid
colon or rectum. In the present series, only 67 percent of
patients had a history of gynecologic cancer, and there
were 13 male patients. Most of the male patients had
received previous irradiation for cancer of the bladder or
prostrate or for lymphoma. Only two male patients with
radiation-associated colon cancer have been reported pre-
viously.% ¢ There have been no previous reports of colo-
rectal cancer after irradiation for cancer of the bladder or
prostate or for lymphoma.

There have been five right-side colon cancers in pre-
vious reports, and all were cecal cancers. Four of these
patients had had irradiation for carcinoma of an ovary or
the uterus; only one had carcinoma of the cervix. The
present series included 20 right-side colon cancers (15 of
the cecum and five of the ascending colon), and 11 of these
patients had had irradiation for carcinoma of the ovary or
uterus.

In contrast to the finding by Castro et al.,'! in the
present series the overall 5-year survival rate was 48 per-
cent. Sixty-nine percent of the cancers were stage A, Bi, or
B2 (Astler-Coller). The relatively higher operative mortal-
ity (5 percent) and morbidity (22 percent), compared with
operations for ordinary colorectal cancer,3 may be related
to the radiation effects.

Conclusion

Seventy-six cases of colon or anorectal cancer after pel-
vicirradiation for other malignant or benign lesions were
reviewed. There were 13 men and 63 women with a mean
age of 65 years. Sixty-seven percent of the patients had
received irradiation for a gynecologic malignancy. Colon
or anorectal cancer developed a mean of 15.2 years after
irradiation with a peak frequency between five and ten
years. Eighty-five percent of the patients had a mild to
prominent radiation reaction around the cancer. Twenty-
six percent of the 72 adenocarcinomas were mucinous
adenocarcinoma. Only 17 percent of patients presented
with symptoms of radiation proctitis, and the mean radi-
ation dosages were lower than usual. High radiation
dosage and severe radiation damage may not be essential
for radiation-associated colorectal cancer. The overall
five-year survival rate was 48%. Close surveillance of the
colon and anorectal region of these high-risk patients at
five years after irradiation is indicated.
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